The economic development in ASEAN still declines environmental quality; whereas the worst environmental quality became negative externality reduce output in many sectors of ASEAN's 
Introduction
The escalation those producing goods activity still contribute as a primary factor of increasing atmospheric carbon dioxide emissions that trigger global warming (Harrington and McConnel, 2003) . Underlying with several risks which could emerge from, many countries had participated in reducing the carbon dioxide emission. In this regard, ASEAN, as grouped economies cooperation, predicted to be the most significant contributor to world's carbon dioxide emissions in the future (OECD, 2012) . There was still a substantial issue for this regional cooperation to develop their countries while improving environmental sustainability. Figure 1 showed that total industrial value added in ASEAN always increases over 2004-2013. On the other hand, carbon dioxide emission also tends to increase along with the increase of industrial value added. That condition showed that economic development in ASEAN less pays attention to environmental quality. Whereas, the decline of environmental quality could be negative externalities, which affected to decrease production in many sectors of economies. The economic development that was too focused on the pursuit of economic growth often ignores the environmental sustainability. Therefore, the development of the economies challenges by environmental degradation problems (Ogborn and Anga, 2015) .
Several studies showed the relationship between economic development and environmental degradation. Stern (2004) said that through a curve named Environmental Kuznets Curve (EKC), environmental degradation and pollution would increase in the early stages of economic development, but beyond some levels, economic growth will lead to environmental improvement. Thus, Arouri et al (2012) stated that real GDP had a significant impact on long-term toward carbon dioxide emission. Their research also showed that real GDP and carbon dioxide emissions had a quadratic relationship.
Moreover, Farhani et al (2014) who investigating the dynamic relationship between carbon dioxide emissions, output, and trade, found that energy consumption, trade, GDP, and quadratic GDP caused CO2 emissions. Also, Stern et al (1996) had stated that among environmental degradation and economic development had a two-way relationship. Moreover, Hung and Shaw (2006) found that simultaneity between environmental quality and economic development existed. Based on Kuznet hypothesis through Environmental Kuznets Curve (EKC), it showed that GDP per capita could affect environmental degradation. On the other hand, environmental quality also could impact positively on GDP per capita.
Hence, there was simultaneity relationship among environmental degradation and economic development. Besides the two way relationship among environmental degradation and economic development, there were also other variables that had a relationship not only on GDP per capita but also Carbon dioxide emission per capita. Carbon dioxide emission per capita would affect energy consumption per capita (Arouri et al, 2012; Farhani et al, 2014; Omri, 2015) . Also, GDP per capita would be affected by foreign direct investment (Mahmood and Chaudhary, 2012; Abdouli and Hammami, 2016) , and trade openness (Farhani et al 2014) .
Hence, the novelties of this paper were the implementation of simultaneous equation model with panel data. Thus, this application has implemented the data in ASEAN countries since there will the biggest contributor of CO2 in this regional, as well as predicted by OECD. Using simultaneous equation model with panel data will make estimation unbiased so that it will more accurate to explain causal relationship according to the environmental degradation problems. Then, to keep the sustainability of environmental quality in the world, United Nations (UN) formulated Sustainable Development Goals (SDGs), which had 17 main goals. On the other side, ASEAN Economic Community (AEC) is a form of international cooperation to implement sustainable development in the world. Therefore, the economic policies in ASEAN should consider the environment as one of the objects of development so that the economic integration does not lead to the environmental degradation in ASEAN. Implementation of new method will make the estimation more accurately in line with the motivation to formulate policies in reducing carbon dioxide emissions.
Hence, this paper aimed to analyze the two-way relationship between economic development and environmental degradation in ASEAN. Besides that this article also wants to examine the factors that influenced economic development and environmental degradation in ASEAN. Several environmental-based economic development strategies for AEC also mentioned in conclusion based on the empirical result.
Method
This paper used a panel data from eight countries in ASEAN and period 2004 -2013 energy use (kg of oil equivalent per capita), foreign direct investment (balance of payment (BoP, current US$), and trade openness (% trade of GDP). The eight ASEAN countries for this panel analysis were Brunei Darussalam, Cambodia, Indonesia, Malaysia, Philippines, Singapore, Thailand, and Vietnam. Lao PDR and Myanmar excluded from the study because of the unavailability of the data.
The purpose of this paper was to analyze the two-way relationship among economic development and environmental degradation in ASEAN with the factors, which influenced it. The proxy of environmental degradation was carbon dioxide emissions per capita. Stern et al (1996) state that among environmental degradation and economic development had a two-way relationship. As Stern (1998) concluded estimating single equation relationships by ordinary least square where simultaneity exists produces biased and inconsistent estimates. Borghesi (1999) also stated that a simultaneous-equation model might be more appropriate for understanding the environment-income relationship.
In this paper, there would be the two-way relationship or dual causality between environmental degradation and economic development. In this paper, those two structural forms write in natural logarithmic form. This condition due to make easy in the interpretation of the estimation result. By using natural logarithmic from the two-sided equation, from those two equations, the interpretation of those model would use the percentage term. It should remind, this paper used panel data form. Panel data used due to its benefit besides using others data form. The procedure of simultaneous equation model showed as followed: First, model specification; second, model identification; Third, parameter estimation; Fourth, parameter testing; Fifth, model evaluation; and sixth, interpretation. 2013. Indonesia's share of carbon dioxide emission in ASEAN region was 35.54 percent in 2013, followed by Thailand (22.47%), Malaysia (17.53%), and Vietnam (11.31%). It was not a pleasant condition that in 2010, the result of Bradshaw et al (2010) that Indonesia includes as the most prominent contributor of environmental degradation in the world below Brazil, United States, and China. Real GDP of ASEAN had increased over time during 2004 until 2013. During this ten years, it could show that total output from all economic activity in ASEAN was an increase. The increase in the production of economic activity was one of the indications the achievement of the economic development process in ASEAN on accelerating its regional economic growth. To stimulate economic growth, there was tendency that the residual from the activity increase. The increasing of carbon dioxide emission effects the declining of air quality in this region (Figure 3) . Finally, accumulation of the emission would make environmental degradation that it would be affected in many aspects of human lives in many ASEAN countries. The relationship between environmental degradation and economic development analyzed with EC2SLS and FE2SLS estimator, as seem as Table 1 and Table 2 . Based on the equation (3) and (4), it appears that there was a significant two-way relationship between environmental degradation and economic development. From its p-value that smaller than significance level at five percent, GDP per capita had a significant effect on carbon dioxide emission per capita. Also, by five percent significance level, carbon dioxide emission per capita also has a significant impact on GDP per capita. The change of GDP per capita by one percent, so carbon dioxide emission per capita would lead to increase by 0,615 percent, with the assumption that other variables are constant. If the carbon dioxide emission per capita increase one percent, GDP per capita would increase 0,401 percent, with condition ceteris paribus. The result of the estimation from Table 1 and Table 2 of structural model was as follows: (3) (p-value) (0.000) (0.000) (0.000)
Result and Discussion
(p-value) (0.000) (0.000) (0.056) (0.015)
This result had the similar case with Hung and Shaw (2006) , which said that there was the two-way relationship among economic development and environmental degradation in Taiwan. The increase of income per capita would lead environmental quality decline. Both researchers argued the rise in pollution (such as PM10, NO2, and CO) in line with the escalation of income per capita. The previous study from Paudel and Pandit (2003) had the similar result with the slope sign in this research. The research showed that income per capita positively impacts on environmental degradation. Their study used phosphorus quantity, Biochemical Oxygen Demand (BOD), and mercury as proxy environmental degradation.
The result of this research consistent with Kuznets' hypothesis about environmental degradation. According to Environmental Kuznets Curve (EKC) hypothesis, the economic progress could give positive and negative impact on the environment. In the earlier stage of development of a nation may cause several environmental damages so the environmental quality becomes low. This situation happened due to industrialization that produces residual so that economic development may negatively impact the environment condition. Thus, at the wealth stage of a nation, economic activity tends to impact on environmental quality positively. Since the wealthy nation's economic threshold dominated by a service sector that produces small quantity of residual, the positive impact from economic development on environmental quality also caused by the development of eco-friendly technology.
Despite GDP per capita had significant effected on per capita CO2 emissions, the estimates of Cobb-Douglas equation in Equation 4 showed that the effect of CO2 per capita emissions on income is also vital. The multiple roles of air pollution on production tent to counteract each other. On the other hand, pollution was an externality causing an adverse effect on output per se and the productivities of different input. Thus, environmental variables affect production via environmental policies that raise the production cost and reduce outputs. Improving the environmental quality, therefore, makes production decreased (Hung and Shaw, 2006) . Then, it should consider about environmental policies in ASEAN might be a significant necessity so that the government in each country in ASEAN budgeting http://journal.uinjkt.ac.id/index.php/signifikan DOI: htttp://dx.doi.org/10.15408/sjie.v7i1.6024 several costs to improve environmental quality such as raising production cost. Admittedly, if producers include environmental cost, it will lead to excavate production cost and make reducing production.
Returning to the equation (3) showed that the factor except for GDP per capita that affected carbon dioxide emission significantly was energy consumption per capita. The energy consumption per capita had a positive impact on carbon dioxide emission per capita in ASEAN. In the ceteris paribus condition, the increase of energy consumption per capita by one percent would lead to increase carbon dioxide emission per capita by 0.55 percent. This result was similar to the study from Arouri et al (2012) . Their study about the impact of economic growth and energy consumption in carbon dioxide emissions in MENA countries showed that there was a positive relationship between CO2 emissions per capita and energy consumption. Besides, the study of Rahman (2017) also found a positive and significant impact of energy consumption per capita on CO2 emissions for all countries in the sample except for Indonesia.
Besides environmental degradation, the factors influenced significantly on GDP per capita were trade openness. The trade openness had an adverse GDP per capita. When other variables are constant, one percent increase in trade openness will lead to decrease GDP per capita by 0.212 percent. The impact of trade openness on economic growth is a subject of debate in the existing literature. The effect was found to be positive in some studies and non-significant or even negative in others. The mixed results might attribute to the analytical framework and country-specific characteristics. Several studies argued the negative impact trade openness on economic development because the countries which specialize in the production of low-quality products (Keho, 2017) . Also, the result indicates that greater trade openness exerts an adverse effect on economic growth for ASEAN regions. Meanwhile, Kim et al (2012) provide evidence that trade openness has a negative impact on low-income, highinflation, and agricultural countries. As known, many countries in ASEAN was agricultural countries. Many less developed economies may not be able to realize the potential gains from trading with more technologically advanced economies. Only when reaching a threshold level of development, will the economies be able to make effective use of technological spillovers.
In equation (4), some variables affected GDP per capita in ASEAN. If more deeply see, there were foreign direct investment variable. Foreign direct investment had no significant effect on GDP per capita in ASEAN. The foreign direct investment was the investment term that needed by all countries to improve their economic activity. From the coefficient in equation (4), foreign direct investment had a positive impact on GDP per capita in ASEAN.
Moreover, the result of Haussmann specification test for those two equations each of them, produce the value 5.7 and 258.17. Hence, for the first equation, by using 95 percent confidence interval, not sufficiently proven to state that there was a systematic distinction between FE2SLS and EC2SLS. With another word, EC2SLS estimator, which used to estimate the parameters in the first equation for this simultaneous equation model was efficient and consistent. But, for the second equation, by using 95 percent of the confidence interval, there was sufficiently proven to state that there was systematic distinction between FE2SLS and EC2SLS. With another word, the EC2SLS estimator would be inefficient and 
Conclusion
The environmental quality in ASEAN countries tends to decrease over time. By using simultaneous equation model with panel data, the two way relationship among economic development and environmental degradation in ASEAN was exist. GDP per capita and energy consumption per capita had positive impact on environmental degradation. On the other hand, the carbon dioxide emission per capita had a positive effect on economic development; meanwhile, trade openness had an adverse impact on economic development in ASEAN.
Therefore, the economic development strategy for ASEAN countries should direct to the increase of GDP per capita and the reduction of energy consumption. Some environmental-based economic development strategies or policies that could implement as AEC are: first, export-oriented trade policies to increase GDP per capita; second, energy source transformation, from fossil fuels to renewable energy resources, to decrease the energy consumption which caused environmental degradation.
